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Results of Screening of Apparently Healthy Senior and Geriatric
Dogs
A. Willems, D. Paepe, S. Marynissen, P. Smets, I. Van de Maele, P. Picavet, L. Duchateau, and
S. Daminet
Background: There is a growing interest in health care of elderly dogs; however, scientiﬁc information about physical and
laboratory examination ﬁndings in this age group is limited.
Objectives: To describe systolic blood pressure (SBP), and results of physical examination and laboratory tests in senior
and geriatric dogs that were judged by the owner to be healthy.
Animals: Hundred client-owned dogs.
Methods: Dogs were prospectively recruited. Owners completed a questionnaire. SBP measurement, physical, orthopedic
and neurologic examination, direct fundoscopy and Schirmer tear test were performed. Complete blood count, serum bio-
chemistry, and urinalysis were evaluated.
Results: Forty-one senior and 59 geriatric dogs were included. Mean SBP was 170  38 mmHg, and 53 dogs had
SBP > 160 mmHg. Thirty-nine animals were overweight. A heart murmur was detected in 22, severe calculus in 21 and 1 or
more (sub)cutaneous masses in 56 dogs. Thirty-two dogs had increased serum creatinine, 29 hypophosphatemia, 27 increased
ALP, 25 increased ALT, and 23 leukopenia. Crystalluria, mostly amorphous crystals, was commonly detected (62/96). Overt
proteinuria and borderline proteinuria were detected in 13 and 18 of 97 dogs, respectively. Four dogs had a positive urine
bacterial culture. Frequency of orthopedic problems, frequency of (sub)cutaneous masses, and platelet count were signiﬁ-
cantly higher in geriatric compared with senior dogs. Body temperature, hematocrit, serum albumin, and serum total thyrox-
ine concentration were signiﬁcantly lower in geriatric compared with senior dogs.
Conclusions and Clinical Importance: Physical and laboratory abnormalities are common in apparently healthy elderly
dogs. Veterinarians play a key role in implementing health screening and improving health care for elderly pets.
Key words: Age-speciﬁc reference interval; Blood pressure; Canine; Creatinine ratio; Elderly dogs; Urinary protein.
There is a growing interest in health and wellness ofelderly dogs.1–5 Older pets represent 30–40% of
patients in general practice and this proportion is likely
to increase in the future as dogs live longer.2,3 This age
group has speciﬁc needs and is more prone to develop
chronic illness.2 Often, initial clinical signs are vague
and diﬃcult to recognize for the owner2,4,5 or discarded
as not important or “normal for his age.”5 Veterinary
healthcare guidelines for diﬀerent life stages have been
developed.1,5 The goal of these programs is to improve
quality of life and longevity, through early detection
and timely treatment of diseases.1–5 Life stage categories
are somewhat arbitrary and vary depending on the
source. Because of a diﬀerence in life expectancy
between small and large breed dogs, determination of
age cutoﬀs for senior and geriatric dogs is diﬃcult.2,4,6,7
Multiple human/pet analogy charts have been proposed,
in which senior and geriatric dogs are distinguished
based on age and related to the ideal body weight (BW)
of the animal.2,5,8 A senior/geriatric care program
should minimally include a thorough history, systolic
blood pressure (SBP) measurement, extensive physical
examination (PE), ophthalmic examination, and labora-
tory tests.1,2,4,5 However, there is only minimal scientiﬁc
information regarding abnormalities on physical and
laboratory examination in senior and geriatric
dogs.4,9–12 A recent health screening study in middle-
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aged and old cats performed by our group conﬁrmed
that abnormalities are common in elderly cats and
emphasized the need for regular health checks and age-
dependent laboratory reference intervals (RIs).13,14 The
same might be true for dogs.
The current study aimed to prospectively evaluate
senior and geriatric dogs that were apparently healthy
for their owners and to report on the presence of
abnormal ﬁndings on SBP measurement, PE, oph-
thalmic, neurologic, and orthopedic examination and
routine blood and urinalysis. We hypothesized that
owners often fail to recognize potentially pathologic
abnormalities or consider them as normal for the dog’s
age.
Materials and Methods
Animals
One hundred dogs without currently known health issues were
recruited prospectively. Owners were informed about the study by
means of social media and by posters and brochures at the
University of Ghent and multiple general veterinary practices in
Flanders (Belgium) and the Netherlands. Age of inclusion
depended on estimated ideal BW (based on body condition scor-
ing15,16), with a previously published human/pet age analogy chart
as a guide (Fig. 1).5 Dogs could not be included if year of birth
was unknown. To evaluate age eﬀect, dogs were divided into 2 age
groups based on the same chart5: group 1 (senior) and group 2
(geriatric). We aimed to have an approximately equal number of
senior and geriatric dogs and a maximum of 8 dogs per breed to
avoid a possible breed eﬀect on the results. Sex was not a
recruitment criterion. All examinations were free of charge for the
owner.
To be accepted for inclusion, dogs had to be “healthy for the
owner;” that is, in the owner’s opinion, the dog did not have any
problem for which veterinary care was needed. This was then con-
sidered “apparently healthy” for the owner. Dogs needed to be
free of medication for at least 2 months before inclusion. Preven-
tive medication (vaccination, deworming) was allowed until
2 weeks before consultation. Interested owners were contacted by
telephone or email by 1 author (AW) to evaluate suitability of the
candidate (age, medication, health status according to owner), and
an information brochure was provided. Dogs that were not
deemed suitable were excluded, and the others were invited for the
health screening consultation. All dogs were fasted for 12 hours,
and water was oﬀered at libitum.
The study was completed at the Department of Small Animal
Medicine and Clinical Biology, Ghent University, between Febru-
ary and June 2013. All dogs were privately owned, the owners
signed an informed consent, and the study was approved by the
local and national ethical committees (EC2012/181).
Study Protocol
All procedures were performed in the same order by the same
author (AW) without sedation or anesthesia.
Owners completed a questionnaire related to health, living envi-
ronment, activity, behavioral changes (canine cognitive dysfunc-
tion rating scale17), nutrition, vaccination, parasite control, and
medical history (Appendix S1). The questionnaire was reviewed
with the owner, and additional questions were asked if required.
During this time, the dog was allowed to freely explore the exami-
nation room. Dogs with a recent history of medication or when
signiﬁcant illness was suspected based on the history and
Canine (adult size in kg)Feline   
0–9.1 9.5–22.7 23.2–54.5 > 54.5
3 years 28 28 29 31 39
4 years 32 33 34 38 49
5 years 36 38 39 45 59
6 years 40 42 44 52 69
7 years 44 46 49 59 79
8 years 48 50 54 66 89
9 years 52 54 59 73 99
10 years 56 58 64 80
11 years 60 62 69 87
12 years 64 66 74 94
13 years 68 70 79
14 years 72 74 84
15 years 76 78 89
16 years 80 82 94
17 years 84 86
18 years 88 90
19 years 92 94
20 years 96
Adult;                 Senior;               Geriatric
Pe
t a
ge
H
um
an equivalent age
Figure 1. Human/pet analogy chart (modiﬁed from Fortney WD: Implementing a Successful Senior/Geriatric Health Care Program for
Veterinarians, Veterinary Technicians, and Oﬃce Managers. Vet Clin North Am Small Anim Pract 2012;42:823–834. Adapted with
permission).
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observation (eg obvious polyuria/polydipsia (>100 mL/kg/d),
cachexia) were excluded.
The SBP was measured by Doppler ultrasonic technique
according to the ACVIM guidelines.18 Hypertension and hypoten-
sion were deﬁned as SBP ≥160 mmHg and <80 mmHg,
respectively.18–21
A standard PE was performed including assessment of body
condition score (BCS) on a 9-point scale and muscle condition
score (MCS),15,16 rectal examination, and digital vaginal examina-
tion in females. A standard orthopedic22,23 and neurologic24 and
brief ophthalmic25 examination was additionally performed. Bilat-
eral tear production was evaluated with a Schirmer tear test (STT)
strip, and a production of ≥15 mm per minute was considered nor-
mal.25 Direct fundoscopy was performed, paying special attention
to signs secondary to systemic hypertension, such as retinal hemor-
rhage or detachment, subretinal edema, or tortuous vessels.26
Six milliliters of blood was taken from the jugular vein, and
10 mL of urine was collected by ultrasound-guided cystocentesis.
To obtain serum, coagulated tubes were centrifuged within
30 minutes at 2431 x g. All samples were preserved at 4°C and
analyzed the day of collection.a
A CBCb and serum biochemistry proﬁlec were performed and
serum total thyroxine concentration was measured with a previ-
ously validated immunoassay.d,27
Urinalysis consisted of measurement of urine speciﬁc gravity
(USG) with a manual refractometer; urinary pH and urinary pro-
tein:creatinine ratio (UPCe ); urinary dipstickf ; sediment evalua-
tion; and bacterial culture.g Sediment was prepared by centrifuging
5 mL of urine for 3 minutes at 447 x g, after which 4 mL of the
supernatants was removed. Sediment was resuspended by ﬂicking
the tube several times, and 1 unstained drop was placed on a clean
glass slide and covered with a coverslip.28 The presence of cells,
crystals, and casts was evaluated microscopically within 30 min-
utes of collection. Crystalluria and presence of casts were evalu-
ated semiquantitatively and expressed per high power ﬁeld (HPF)
(40xobjective) as absent, mild (<1/HPF), moderate (1-3/HPF), or
severe (≥3/HPF). Microscopic hematuria and pyuria was deﬁned
as more than 5 red blood cells and white blood cells per HPF,
respectively.
With the owner’s consent, ﬁne needle aspiration and cytology
of (sub)cutaneous masses were performed.
Statistical Analysis
All statistical analyses were performed with the statistical soft-
ware package SAS.h Diﬀerences between the 2 age groups were
analyzed by a linear ﬁxed eﬀects model for continuous variables
and a Wilcoxon rank sum test for ordinal variables. Binary vari-
ables were analyzed by logistic regression. Spearman’s rank corre-
lation coeﬃcient was used to evaluate association between
variables. Associations between continuous variables were explored
by linear regression. The level of signiﬁcance was set at 5%.
The study was set up to have a power of 80% to ﬁnd a signiﬁ-
cant eﬀect for systolic blood pressure when the relative diﬀerence,
that is, diﬀerence divided by standard deviation, equals 0.60, by a
two-sided t-test at the 5% signiﬁcance level and assuming a 2 : 3
ratio for the sample sizes in the 2 groups.
Results
Study Population
The age criteria were met by 131 dogs, 30 were
excluded after initial contact by telephone or email
because of recent medication/anesthesia (n = 5), preg-
nancy (n = 1), hypothyroidism (n = 1), maximum
amount of dogs per breed was met (n = 10), and to pre-
vent overrepresentation of geriatric dogs (n = 13). One
dog was excluded after questionnaire review because of
recent medication. One hundred privately owned dogs,
41 senior and 59 geriatric, were accepted for inclusion.
Population consisted of 50 females (10 intact, 40 neu-
tered) and 50 males (26 intact, 24 neutered). Eighty-four
were purebred dogs (1 to 8 dogs per breed), and 16
were crossbred. Forty-ﬁve dogs belonged to students or
staﬀ. Age and BW of the complete population and age
groups are presented in Table 1.
Questionnaire
Ten owners reported their dog was “getting a bit
older,” 5 were reported to sleep more, 13 were more
prone to stiﬀness or lameness, 14 were deaf or hearing
less, and in 7 dogs the owner had noticed a decreased
sight. None of the dogs had a cognitive dysfunction
score rating scale compatible with canine cognitive dys-
function syndrome.17
Four geriatric dogs were reported to urinate larger
amounts and to drink slightly more (<100 mL/kg/d).
Four dogs had urinary incontinence (2 senior males, 1
geriatric male, and 1 geriatric, neutered female), 4 dogs
soiled the house during the night (n = 3, all geriatric, 1
intact male, 2 neutered females) or when excited (n = 1,
geriatric intact female), and 1 had pollakiuria. None of
the owners realized that polyuria, periuria, or pollaki-
uria might be associated with or a consequence of a
medical condition.
Ninety-nine dogs received mainly commercial food
(71 dry food, 12 dry and canned food, 16 > 50% raw
meat) and 1 dog received a home-made diet. Twenty-
eight dogs were fed an age-speciﬁc diet, 3 were on a diet
for neutered animals, 6 were on a low-fat or reduction
diet, and 6 were on a speciﬁc diet for sensitive skin
(n = 1), dental support (n = 1), joint disease (n = 2), or
intestinal sensitivity (n = 2). Of the dogs that were on a
low-fat or reduction diet, half of the dogs had over-
weight (BCS >5) and 1 had underweight (BCS 3/9).
For dogs not belonging to veterinarians (n = 90),
yearly visits to the veterinarian were reported for 67
dogs, 8 dogs were reported to go more often, and 15
dogs went less frequently. Last health visit was less than
6 months ago in 50% of the dogs (45/90). Vaccination
in accordance with recent guidelines29 and quarterly
deworming were performed in 77 and 58 dogs, respec-
tively. External parasiticides were applied regularly in
75 dogs, from time to time in 23 and never in 2 dogs.
Teeth were brushed frequently (once or twice a week) in
3 dogs, infrequently in 12 dogs, and never in 85 dogs.
Blood Pressure Measurement and Physical and
Ophthalmic Examination
The descriptive statistics for SBP and some of the PE
ﬁndings are summarized in Table 1.
Fifty-three dogs had SBP exceeding 160 mmHg, 36 of
which were equal to or exceeding 180 mmHg (maxi-
mum 274 mmHg). In 13 hypertensive dogs (range 171–
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264 mmHg), SBP was remeasured later on the same
day. Four of these were normotensive the second time,
and only 1 dog still had SBP exceeding 180 mmHg
(181 mmHg). There was a negative linear relationship
between SBP and BW (P = .021): for each increase in
BW with 1 kg, SBP decreased with 0.5 mmHg. Over-
weight, age, and sex did not have a signiﬁcant eﬀect on
SBP.
Body and muscle condition score are presented in
Table 2. Three of 39 overweight dogs and the 2 under-
weight dogs had mild-to-moderate muscle wasting. Both
BCS and MCS were not signiﬁcantly diﬀerent between
the 2 age groups. There was a signiﬁcant association
between being neutered and overweight (P = .011).
One dog was bradycardic (56 beats per minute) and
1 was severely tachycardic (200 beats per minute),
which normalized at the end of the examination.31
Three dogs had an irregular heart rhythm, other than
sinus arrhythmia. A systolic heart murmur was detected
in 22 animals (8 senior, 14 geriatric), with the following
intensity: grade 1/6 (n = 4), 2/6 (n = 7), 3/6 (n = 8),
and 4/6 (n = 3). The diﬀerence between the 2 age
groups was not signiﬁcant, but the odds of systolic
murmur was signiﬁcantly decreasing with increasing
weight (OR = 0.95, 95% CI 0.92–0.99, P = .0077).
Lung auscultation was normal in 86 dogs and increased
bronchovesicular sounds were observed in 14 dogs, 12
of which were panting. Tracheal reﬂex was positive in
30 dogs. None of the dogs had a palpable thyroid
gland.
Findings of oral examination are summarized in
Table 2. All of the dogs with gingivitis had calculus.
Halitosis was present in 36 dogs, and all of these had
calculus with or without gingivitis. Teeth were brushed
in 11 dogs with calculus.
Fourteen dogs had body temperature exceeding
39.2°C (maximum 39.7°C), none of the dogs had values
below 38°C. There was a signiﬁcant positive correlation
between heart rate and body temperature (rho = 0.43;
P < .001). Seventeen dogs had local lymphadenopathy.
Thirteen dogs had submandibular lymphadenopathy
and concurrent calculus and gingivitis, 2 dogs had a
reactive popliteal lymph node (cutaneous inﬂammation
and presumed insect bite in aﬀected animals), and 2
dogs had mild prescapular lymphadenopathy. Abdomi-
nal palpation was tense in 19 dogs and painful in 2.
Table 1. Descriptive statistics for all included dogs and for the 2 age groups. All variables are normally distributed
and are expressed as mean  standard deviation.
RI Study Population (n = 100) Senior Dogs (n = 41) Geriatric Dogs (n = 59) P-value
Age (years)a / 9.6  2.4 7.9  1.8 10.8  2.0 /
Body weight (kg) / 27.6  17.9 27.2  19.4 27.8  16.9 .86
SBP 80–160 mmHg18–21 170  38 169  36 171  39 .89
Heart rate 60–120 beats/min30 108  23 111  26 106  21 .24
RR 10–30 breaths/min30 72  59 74  71 70  51 .72
Body temperaturea 38–39.2°C30 38.8  0.4 38.9  0.4 38.8  0.4 .044
STT left eye ≥15 mm/min25 19.6  3.8 19.8  4.2 19.5  3.5 .77
STT right eye ≥15 mm/min25 19.0  3.5 19.3  3.7 18.8  3.5 .48
Hematocrita 43–59% 48.3  4.8 49.8  4.1 47.2  5.0 .0064
Leukocytes 6000–16,000 /lL 7667.1  2577.9 7680.0  2912.3 7658.1  2344.0 .97
Thrombocytesa 164,000–510,000/lL 310,030  101,717 280,268  86887 330712  106735 .014
Sodium 143–154 Eq/L 147.7  2.1 148.0  1.8 147.5  2.3 .27
Potassium 4.2–5.6 mEq/L 4.6  0.4 4.5  0.4 4.6  0.4 .13
Total calcium 4.0–5.7 mEq/L 5.2  0.2 5.2  0.2 5.2  0.2 .96
Phosphorus 3.0–5.8 mg/dL 3.4  0.9 3.4  0.9 3.4  0.9 .71
Urea 6.0–57 mg/dL 30.3  9.7 28.0  8.7 31.8  10.1 .052
Creatinine <(60 + BW)/88.4 mg/dL 0.9  0.2 0.9  0.2 0.9  0.2 .50
Total protein 5.3–8.0 g/dL 6.6  0.5 6.6  0.5 6.6  0.4 .40
Albumina 2.2–4.4 g/L 4.0  0.4 4.1  0.3 3.9  0.4 .015
Cholesterol 114–390 mg/dL 249.8  75.6 236.5  60.9 259.1  83.7 .14
Triglycerides 2–152 mg/dL 86.8  143.6 86.5  107.8 86.9  164.8 .99
AST <50 U/L 33.9  10.8 34.8  11.4 33.2  10.4 .48
ALT <70 U/L 66.4  61.2 63.8  44.2 68.2  71.0 .72
ALP <111 U/L 108.6  152.1 101.4  157.7 113.5  149.2 .70
GGT <9 U/L 6.5  10.0 5.5  3.3 7.3  12.8 .39
Glucose 54.9–89.8 mg/dL 82.8  7.2 82.8  9.0 81.0  7.2 .29
Total thyroxinea 0.5–3.4 lg/dL 2.0  0.8 2.3  0.9 1.9  0.7 .0078
Urinary pH 4.5–7.0 7.0  1.1 7.0  1.2 7.0  1.0 1.0
USG 1.031  0.012 1.033  0.010 1.030  0.012 .13
UPC <0.5 0.3  0.6 0.3  0.5 0.3  0.6 .57
RI, reference interval; SBP, systolic blood pressure; RR, respiratory rate; STT, Schirmer tear test; AST, aspartate transaminase activity;
ALT, alanine transaminase activity; ALP, alkaline phosphatase activity; GGT, c-glutamyl transpeptidase activity; USG, urine speciﬁc
gravity; UPC, urinary protein:creatinine ratio.
aVariables signiﬁcantly diﬀerent between age groups.
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None of the dogs had a palpable abdominal mass or
organomegaly.
Two geriatric intact dogs had a unilateral enlarged
and ﬁrmer testicle. One dog had testicular prostheses.
Eleven male dogs had signs compatible with bal-
anoposthitis, and 8 of these were intact. Symmetrical
mild prostatic enlargement was present in 6/26 intact
male dogs; in 12/26, the prostate was located abdomi-
nally; and in 7/26, palpation was normal. Rectal exami-
nation did not reveal any other abnormalities.
Palpation of the mammary glands revealed 1 small
mammary nodule in a senior intact female dog and 2
female dogs had undergone a unilateral mastectomy
(1 partial, 1 complete). Digital vaginal examination was
possible in 40 of 50 female dogs and revealed a small
vaginal mass in 1 intact geriatric dog.
Fifty-six dogs had at least 1 (sub)cutaneous mass,
ranging from 1 to 9 per dog. There was a total of 151
(sub)cutaneous masses, 29 of which were warts. Geri-
atric dogs had signiﬁcantly more masses (mean
2.1  2.5 masses per dog) than senior dogs (0.7  1.2
masses per dog; P = .0017). Cytology was not per-
formed (21/56 dogs) on small warts, eyelids, or when
owner refused puncture. Ten samples were not diagnos-
tic. One or more lipomas were found on 23 dogs. Nine
dogs had 1 or more follicular cyst(s). Two dogs were
diagnosed with cutaneous mastocytoma, which was his-
tologically conﬁrmed as a grade II mastocytoma in 1.
One dog had a basal cell carcinoma on the ear, 3 had
cytology suggestive of sebaceous gland adenoma, and 2
dogs had cytology suggestive for a sarcoma. Histology
of 1 of the suspected sarcomas revealed an inﬂamed
epithelioma.
Orthopedic examination could be performed in 98
dogs and was normal in 36. Twenty-four dogs showed
abnormalities on 1 limb, and 38 dogs had 2 or more
limbs aﬀected. The most frequently aﬀected joint was
the hip with uni- and bilateral painful or decreased
extension, ﬂexion, or both in 44 dogs. Marked lameness
on a front limb was noted in 6, on a hind limb in 1,
and on multiple limbs in 4 dogs. There were signiﬁ-
cantly more orthopedic problems in the geriatric group
(P = .0068), the odds for orthopedic problems was not
associated with BW, and there was no signiﬁcant associ-
ation between orthopedic problems and being
overweight.
Neurologic examination could be performed in 98
dogs and was normal in 80 cases. Four dogs had
decreased or absent patellar reﬂexes (1 unilateral, 3
bilateral), 7 showed discomfort when manipulating cer-
vical spine (n = 5) or dorsiﬂexion of the tail (n = 2).
One dog had a mild ataxia, related to previous surgery
for a herniated disk. Two dogs did not respond to loud
auditory stimuli, both of them were reported deaf by
the owner.
In 98 dogs, STT could be performed. Results
<15 mm/min were found bilaterally in 4 and unilateral
in 6 dogs. Two dogs had readings of <10 mm/min. One
dog had unilateral conjunctivitis with a superﬁcial cor-
neal ulcer and decreased tear production (10 mm/min).
There was no signiﬁcant diﬀerence in STT between the
2 age groups. Lens opaciﬁcation (sclerosis or cataract)
was present in 66 dogs. Opaciﬁcation was mild in 35,
moderate in 27, and severe in 4 dogs. Fundoscopic
examination could be performed in 96 dogs, abnormali-
ties secondary to hypertension were not found, and
inspection was hampered by lens opaciﬁcation in 13
dogs.
Laboratory Variables
Descriptive statistics for laboratory variables are pre-
sented in Table 1 and the number of animals within,
below, or above the RI in Table 3.
Mild, nonregenerative anemia was present in 11 dogs,
being mild in 8 dogs (hematocrit ≥40%). Fifteen of the
23 leukopenic dogs had total leukocyte count above
5000/lL, and only 3 dogs had values ranging from
3000–4000/lL. Twelve of the leukopenic dogs had nor-
mal diﬀerential leukocyte counts, 5 had lymphopenia,
and 6 showed a mild-to-moderate decrease in mature
neutrophils. Two of 4 dogs with thrombocytopenia had
platelet aggregates on their blood smear, suggesting
pseudothrombocytopenia.
For the 32 dogs with increased serum creatinine
(sCreat), USG is shown in Table 4.32 In 1 dog, USG
was not available. Urea was increased in only 1 dog,
this dog also had an increased sCreat and USG of
1.020 and was borderline proteinuric. Six dogs with an
increased sCreat and USG below 1.030 were hyperten-
sive. Two of them had SBP between 160 and
180 mmHg and none of those were proteinuric, 4 had
SBP of 180 mmHg or more, and 1 of these dogs had
borderline proteinuria. Linear regression showed a
Table 2. Body condition score, severity of muscle
wasting, and oral examination ﬁndings in the global
population and the 2 age groups.
Global Population
(n = 100)
Senior
Dogs (n = 41)
Geriatric
Dogs (n = 59)
Body Condition Scorea
<4 2 2 0
4–5 59 24 35
>5 39 15 24
Muscle wasting
Absent 87 38 49
Mild 10 2 8
Moderate 3 1 2
Severe 0 0 0
Dental calculus
Not obvious 12 6 6b
Mild 37 17 20
Moderate 30 10 20
Severe 21 8 13
Gingivitis
Absent 51 23 28
Mild 28 10 18
Moderate 18 7 11
Severe 3 1 2
aBody conditions score on a 9-point scale.
bOne dog had multiple dental treatments and had only 1 tooth
left.
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signiﬁcant positive relationship between sCreat and BW
(slope: 0.27; P = .0045).
Increase in activity of liver-derived enzyme activities
in serum was quite common and mostly minor (Table 5).
Mild hyperglycemia was present in 15 dogs, and none
of these had glycosuria. Serum total thyroxine concen-
tration was increased in 3 senior dogs and decreased in
1 senior dog. The latter dog had an increased thyroid
stimulating hormone level and was diagnosed with
hypothyroidism. It had a BCS of 8/9, was rather passive
for the owner, and had SBP of 186 mmHg and protein-
uria. It also had hypertriglyceridemia and mildly
increased liver enzyme activities. Hypertriglyceridemia
was present in 7 dogs, with 1 having concurrent hyperc-
holesteremia. Two dogs were known to have hyper-
triglyceridemia and were fed a low-fat diet. One of
these still had severely increased triglycerides (>8 times
upper limit of RI), and the other only had a very mild
hypertriglyceridemia. There was a weak but signiﬁcant
association between cholesterol and triglycerides
(rho = 0.22; P = .025) and between cholesterol and BCS
(rho = 0.27; P = .0075).
Cystocentesis was performed in 97 dogs, 1 dog had
an empty bladder, and 2 dogs urinated on the table;
only USG was recorded. Results for USG are presented
in Table 4.32 Urinary sediment analysis was performed
in 96 samples. Microscopic analysis revealed crystalluria
(62/96), presence of free lipid droplets (79/96), sperma-
tozoids (14/96), bacteria (5/96), microscopic hematuria
(32/96), and pyuria (5/96). Mild-to-moderate amounts
of casts were seen in 28/96 dogs (hyaline n = 23;
Table 3. Distribution of laboratory variables of the global population below, within, and above the reference
interval.
Variable RI
Below RI Within RI Above RI
n Minimum n n Maximum
Hematocrit 43–59% 11 30.7 89 0 /
Leukocytes 6000–16,000/lL 23 3430 76 1 22,270
Thrombocytes 164,000–510,000/lL 4 112,000 94 2 811,000
Sodium 143–154 mEq/L 1 142 99 0 /
Potassium 4.2–5.6 mEq/L 11 3.6 88 1 5.9
Chloride 106–118 mEq/L 0 / 96 4 121
Total calcium 4.0–5.7 mEq/L 0 / 99 1 5.8
Phosphorus 3.0–5.8 mg/dL 29 1.4 71 0 /
Urea 6.0–57 mg/dL 1 4.33 98 1 72
Creatinine <(60 + BW)/88.4 mg/dL / / 68 32 1.5
Total proteina 5.3–8.0 g/dL 0 / 98 0 /
Albumina 2.2–4.4 g/L 0 / 88 10 4.8
Cholesterol 114–390 mg/dL 1 108 97 2 603
Triglyceride 2–152 mg/dL 0 / 93 7 1285
AST <50 U/L / / 88 12
ALT <70 U/L / / 75 25 456
ALP <111 U/L / / 73 27 981
GGT <9 U/L / / 76 14 89
Glucose 54.9–89.8 mg/dL 0 / 85 15 94.9
Total thyroxine 0.5–3.4 lg/dL 1 <0.5 96 3 4.8
RI, reference interval; BW, body weight in kg; AST, aspartate transaminase activity; ALT, alanine transaminase activity; ALP, alkaline
phosphatase activity; GGT, c-glutamyl transpeptidase activity.
aTwo samples could not be analyzed because of hyperlipidemia.
Table 4. Distribution of urine speciﬁc gravity in the
global population, the 2 age groups, and dogs with
increased serum creatinine.a
Global
Population
(n = 99)
Senior
Dogs
(n = 40)
Geriatric
Dogs
(n = 59)
Dogs with
Increased
Serum
Creatinine
USG ≥1.030 57 26 31 17
USG >1.013–1.030 36 13 23 10
USG 1.007–1.013 6 1 5 4
a>(60 + body weight in kg)/88.4 mg/dL.
USG, urine speciﬁc gravity.
Table 5. Degree of increase in activity of liver-derived
enzyme activities in serum in the global population,
described as a function of the upper reference limit.
Variable
Number of
Dogs with
Value
above RI
Number of
Dogs 1-<2
Times URL
Number of
Dogs 2-<3
Times URL
Number of
Dogs ≥3
Times URL
AST 12 12 0 0
ALT 25 19 3 3
ALP 27 16 6 5
GGT 14 12 0 2
RI, reference interval; URL, upper reference limit; AST, aspar-
tate transaminase activity; ALT, alanine transaminase activity;
ALP, alkaline phosphatase activity; GGT, c-glutamyl transpepti-
dase activity.
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granular n = 2; hyaline and granular n = 3). Crystal-
luria was mild in 37, moderate in 18, and severe in 7
dogs. Amorphous crystals were most commonly
detected (51/62). Struvite crystals were noted in the
remaining dogs. There was no signiﬁcant association
between food type and presence of urinary crystals.
Four dogs (2 female neutered, 2 male intact; 1 senior, 3
geriatric) had a positive urinary culture for Escherichia
coli and sediment analysis revealed bacteriuria and
pyuria in all 4 dogs. In 1 male dog without treatment, a
follow-up sample could be obtained 14 days later and
the culture was negative.
UPC distribution according to the ACVIM consensus
statement33 is presented in Table 6. Of the dogs with
borderline proteinuria, 2 had a positive urinary culture,
5 had microscopic hematuria, 1 had an increased sCreat
and USG of 1.020, 2 had an increased sCreat and USG
≥1.030, and 15 had normal sCreat. In the dogs with
overt proteinuria, 1 had a bacterial cystitis, 1 had mild
pyuria, and 4 had microscopic hematuria. Twelve dogs
with overt proteinuria had a normal sCreat, and 1 had
an increased sCreat and concentrated urine (USG
≥1.030). Ten dogs with borderline proteinuria and 10
dogs with overt proteinuria had SBP ≥ 160 mmHg.
There was a weak but signiﬁcant correlation between
SBP and proteinuria (rho = 0.22; P = .030). There was
no signiﬁcant diﬀerence in UPC between the 2 age
groups and there was no signiﬁcant association between
UPC and BW.
Urinary pH ranged from 5 to 7.5 in 68/97 dogs and
was >7.5 (maximum 9) in 29/97 dogs. Only 1 dog with
bacterial cystitis had alkaline urine (pH 8.5). Results of
urinary dipstick analysis are summarized in Table 7. Of
the dogs with conﬁrmed bacterial cystitis, 2 had a trace
and the other 2 were leukocyte esterase positive. The
protein dipstick was negative in 1 borderline proteinuric
dog. All other dogs with borderline or overt proteinuria
had at least a trace of protein on dipstick. On the other
hand, urinary dipstick reported a trace or even protein
positivity in, respectively, 22 and 25 cases with UPC
<0.2.
Age Group Comparison
Platelet count (P = .014) and frequency of orthopedic
problems (P = .0068) and (sub)cutaneous masses
(P = .0017) were signiﬁcantly higher in geriatric com-
pared with senior dogs. Hematocrit (P = .0064), serum
albumin (P = .015), serum total thyroxine concentration
(P = .0078), and body temperature (P = .044) were sig-
niﬁcantly lower in geriatric dogs. The other variables
did not diﬀer signiﬁcantly between the 2 age groups.
Discussion
Older pets are becoming increasingly important in
everyday practice. Guidelines and care programs have
been developed,1,2,5 but prospective studies that have
recorded abnormalities and their signiﬁcance are
scarce.9–11 This study describes an extensive health
screening in a population of elderly dogs “apparently
healthy” for their owner. Deﬁning health is a challenge.
The authors aimed to select a study population that
could reﬂect the elderly dog population that may be
presented for health screening in general practice.
Three recent prospective health screening studies on
elderly dogs were published. Potentially clinically
important laboratory and abdominal ultrasound abnor-
malities were reported in 54.7 and 64.2% of elderly,
clinically normal Golden Retrievers, respectively.9
Another study was conducted in 45 elderly dogs, involv-
ing history, PE, and urinary dipstick. At least 1 previ-
ously unrecognized problem was noted in 80% of the
dogs.10 In the latter study, inclusion criteria did not
include being healthy for the owner and abnormalities
were more frequently noted when compared to the pre-
sent study. The third study reported on pre-anesthetic
screening of 101 dogs older than 7 years, where a new
diagnosis was made in 30 dogs.11 Direct comparison
between the present and the previously published stud-
ies is diﬃcult because of diﬀerent inclusion criteria and
study protocols. However, both present and previous
studies demonstrate that health issues are common in
elderly dogs and that screening helps to identify these
previously unknown health issues. Whether this earlier
detection leads to improved quality of life or longevity
remains to be proven.
The owner plays a pivotal role in successful health
care, but is often unable to recognize early clinical
signs.2,10 In the current study, none of the owners con-
sidered excessive water intake as being pathologic or
more than 100 mL/kg/d. However, 1 dog diagnosed
with chronic kidney disease (CKD) appeared to be
drinking more than 200 mL/kg/d when owners were
asked to measure water intake at home. Also, micturi-
tion disorders were not regarded as potentially
Table 6. Distribution of the complete population and
age groups across the 3 proteinuria categories according
to the ACVIM consensus statement of Lees et al.33
Global
Population
(n = 97)
Senior
Dogs
(n = 39)
Geriatric
Dogs
(n = 58)
UPC <0.2 66 25 (64.1%) 41 (70.7%)
UPC 0.2–0.5 18 10 (25.6%) 8 (13.8%)
UPC >0.5 13 4 (10.3%) 9 (15.5%)
UPC, urinary protein:creatinine ratio.
Table 7. Results of urinary dipstick analysis in the
global population (performed on 97 animals).
Negative Trace Positive
Hemoglobin 79 4 14
Bilirubin 16 45 36
Urobilinogen 60 37 0
Leukocyte esterase 92 3 2
Nitrite 96 1 0
Acetone 97 0 0
Glucose 97 0 0
Protein 20 26 51
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important. It has been demonstrated that early signs of
CKD were often present many months before diagnosis,
but did not encourage the owner to consult a veterinar-
ian.34 Therefore, veterinarians should educate pet own-
ers to detect and report clinically relevant abnormalities
in their (elderly) pet.2 Also, thorough history taking is
crucial to obtain this information and should ideally be
based on a questionnaire.2,10
Prevalence of overweight in the current study is in line
with recent reports in adult dogs, that is, 34–59%.35–40
Prevalence of overweight increases with age,36–38 but a
decrease after the age of around 10 years is reported in
some studies.35–37 There was no signiﬁcant diﬀerence
between the 2 age groups in our study. Neutering was sig-
niﬁcantly associated with overweight in the current and
previous studies.35–37 A prevalence of underweight
between 4.2 and 11% has been reported in the adult dog
population,35,38,40,41 which is slightly higher than in the
current study. The discrepancy between BCS and MCS in
some of these dogs underlines the importance of evaluat-
ing muscle mass and body fat separately, as these scoring
systems are not directly correlated.16
Raw meat-based diet is a popular feeding type nowa-
days,42 which is conﬁrmed by our data. An association
has been made with nutritional imbalances, risk of
pathogen transmission and other illnesses, and a raw
meat-based diet is therefore not generally recom-
mended.42–46 As in the study by Davies, only the minor-
ity of these dogs (28%) were fed an age-adapted diet.10
Low-fat or weight reduction diets were only fed to 6%,
although 39% of dogs were considered to be over-
weight.15 This emphasizes that improved owner aware-
ness of normal canine body condition and regular
nutritional assessment by veterinarians are
important.16,36,41,47
Although prevalence of hypertension in healthy dogs
is reported to be low,48,49 in the current study hyperten-
sion was frequently encountered. The ﬁndings in our
study are in contrast with a study on 33 healthy geri-
atric dogs (mean 130  20 mmHg).50 In contrast to the
latter study, we did not exclude animals with laboratory
abnormalities, heart murmur, or obesity and thus, it is
likely that in our study more dogs had occult underly-
ing diseases for secondary hypertension. However, in
the current study, an obvious underlying cause for
hypertension could not be deﬁned, except for 1 dog
with hypothyroidism.
The most likely explanation for the high prevalence
of hypertension is white-coat hypertension, which is
described in dogs, cats, and humans.51–55 Indeed, none
of the hypertensive dogs had ocular signs of target
organ damage, which has been described in 62% of
dogs with systemic hypertension.26 We tried to limit the
white-coat eﬀect by measuring SBP in a quiet environ-
ment, after an acclimatization period and with the
owner present if possible. However, we only had a sin-
gle measurement in most of the animals. A recent study
in three-year-old beagles revealed a gradual decrease in
SBP and a normalization of hypertension in all animals
after 4 to 5 measurements, each on a diﬀerent day.51
This emphasizes the importance of stress and thus
white-coat hypertension, but also the fact that an
acclimatization period of 5–10 minutes might not be
suﬃcient in dogs in contrast to what is reported for
cats.54
Technical artifacts during measurement seem an unli-
kely explanation, because the ACVIM guidelines18 were
respected and all measurements were taken by the same
trained author (AW). Although all measurements were
preferably performed with dogs in recumbency, some
dogs were allowed to sit (n = 20) or stand (n = 5) to
reduce stress and measurements were taken with the
cuﬀ at the level of the right atrium.18 A recent study
reported a signiﬁcantly higher mean SBP and less
repeatable measurements in dogs in a sitting positing
compared with lateral recumbency.56 Although the posi-
tion could be a cause for some of the increased mea-
surements in our study, the fact that these animals did
not tolerate recumbency could also indicate more stress.
Our ﬁndings underline that canine SBP results should
be interpreted with caution. If hypertension is sus-
pected, multiple measurements are required to conﬁrm
the presence of systemic hypertension. In dogs with pre-
disposing conditions such as CKD and hypercorti-
solism, or with signs consistent with end-organ damage,
SBP measurement should be performed. However, the
role of routine SBP measurement in all aged dogs is less
clear than in feline patients.57 Screening of dogs
≥10 years old is advised by some authors,18 but care
should be taken to avoid stress, to rely on multiple
measurements, ideally in the pet’s home environment,
and to look for signs of target organ damage.
More than half of the dogs had 1 or more palpable
(sub)cutaneous mass. Malignancy was suspected based
on cytology in 5% of the samples. Davies reported
masses suspicious for neoplasia and warts in 18 and
11% of the aged dogs, respectively, but cytology was
not performed.10 Although the majority of masses in
our study was of benign origin, cytology is advised
because there is a good correlation between cytologic
diagnosis and histologic diagnosis.58 There were signiﬁ-
cantly more masses in the geriatric compared with the
senior group, which was also reported in annual reports
in the United States.3
Absence or decrease in patellar reﬂex in 4 dogs is most
likely an age-dependent neurologic decline, as was previ-
ously described in dogs.59 Stiﬀness or lameness was
reported by few owners, even though abnormalities on
orthopedic examination were commonly encountered.
Because orthopedic problems can have an important
eﬀect on comfort of dogs, it is important for veterinarians
to detect, and if necessary treat, musculoskeletal abnor-
malities. Similarly, dental disease can aﬀect the dogs
comfort. Dental disease is a common ﬁnding in the gen-
eral pet population,12,60 especially in elderly animals.61,62
Because we only performed visual oral inspection on con-
scious dogs, we cannot comment on the presence of peri-
odontitis. Although dental hygiene can be improved by
brushing teeth especially if performed frequently,63 this
was never performed in 85% of the dogs.
Tear production is reported to decrease with age in
adult dogs.64 In our population, there was no signiﬁcant
88 Willems et al
diﬀerence between senior and geriatric dogs. Neverthe-
less, mean tear production of our general population is
slightly lower than in previous studies with dogs with
mean age 4 years.64,65 In 2 dogs, the tear production
was <10 mm/min, which could be compatible with kera-
toconjunctivitis sicca, but both these dogs did not have
other clinical signs compatible with this disease.66 The 1
dog with the corneal ulcer had unilateral mucoid dis-
charge and a tear production of only 10 mm/min,
indicative for keratoconjunctivitis sicca.
Routine monitoring of clinicopathologic data is
important in the management of older animals.67 Ide-
ally, the trend should be followed for an individual ani-
mal, so that small, but clinically signiﬁcant changes can
be detected, even when they are still within the RI. This
approach, preferably with subject-based RIs,68 can help
to detect chronic disease in an early stage. For the labo-
ratory variables that were outside the RI (Table 2),
some of the abnormal values could truly be the result
of occult disease, but the RI may not be appropriate
for this age group as well.14 Animals between 1 and
7 years of age of diﬀerent breeds and sizes were used as
reference population, which may be inappropriate for
assessment of elderly dogs. Age-dependent RIs might be
warranted, but a major challenge is the selection of an
appropriate reference population because older dogs
might suﬀer from subclinical disease.
Fourteen dogs with increased sCreat did not have
concentrated urine, which could indicate renal origin. In
only 1 dog, CKD IRIS stage II could be conﬁrmed
based on repeated urine and blood analyses. For the
other dogs, no follow-up information was available, so
CKD could not be conﬁrmed. The need for re-evalua-
tion of RIs for sCreat depending on age, size, and breed
has been reported before,69–73 but it is beyond the scope
of this study to investigate this matter. In agreement
with the signiﬁcant positive linear relationship between
sCreat and BW in the current study, the upper limit of
the sCreat RI for small dogs was previously reported to
be substantially lower than for larger dogs.72
Crystalluria, mostly amorphous crystals, was detected
in more than half of the dogs, and none of them
showed signs of lower urinary tract disease. This is very
similar to recent ﬁndings in elderly cats.13 In contrast,
crystalluria was only detected in 2.8% of dogs in a pre-
vious study on aged Golden Retrievers.9 Another recent
study reported crystalluria (mainly struvite) in 44% of
dogs fed with diﬀerent kinds of dry diets.74 In our
study, there was no association between food type and
the presence of crystals, in contrast to what has been
reported in cats.75 All crystals observed in our study
can be observed in healthy animals and it is generally
accepted that crystalluria is not always associated with
disease.76,77 Therefore, mild crystalluria by itself is no
indication to start feeding calculolytic diets.77
As expected, the urinary dipstick was associated with
a high number of false positives to detect protein-
uria.28,76 Proteinuria aﬀects up to 25% of elderly people
and is not considered a physiologic age-related change,
but the consequence of an underlying pathology.78,79 In
18.6% of these dogs, renal proteinuria was detected
(7 overt, 11 borderline).33 The reader is referred to
Marynissen et al. for more information regarding pro-
teinuria in this population.i There was a weak, but sig-
niﬁcant positive correlation between proteinuria and
SBP. This correlation was stronger in previously
described studies,80,81 possibly because of the high
prevalence of stress-related hypertension in the current
study. In our study, proteinuria was not signiﬁcantly
higher in geriatric compared with senior dogs, in con-
trast to a similar study in cats.13
Of the dogs with Escherichia coli cystitis, 3 dogs were
asymptomatic and 1 dog had pollakiuria, unreported,
and regarded as unimportant by the owner. Because all
dogs had >1000 bacteria/mL and urine was obtained by
cystocentesis, sample contamination is very unlikely.82
Asymptomatic bacteriuria is most commonly described
in patients with underlying, predisposing diseases (eg
diabetes mellitus).82 However, a recent study reported
subclinical bacteriuria in 3/140 dogs, all young female,
presenting for elective surgery.83 Escherichia coli is most
commonly isolated in animals with asymptomatic bac-
teriuria.83,84 Three of these dogs were treated and in the
other dogs bacteriuria was transient. Transient asymp-
tomatic bacteriuria has been described earlier,85 and the
need for antimicrobial treatment in asymptomatic dogs
is questioned. In the present dogs, we did initiate treat-
ment in 3 cases, because all of them also showed
pyuria.86 Further research is needed to deﬁne risk popu-
lations and the necessity of treatment of asymptomatic
bacterial cystitis in dogs.
Based on the screening performed in 100 dogs, we
diagnosed cutaneous mastocytoma in 2, a mammary
nodule in 1, CKD in 1, hypothyroidism in 1, and bacte-
rial cystitis in 4 dogs. Also, many other dogs showed
physical or laboratory abnormalities (eg overweight,
orthopedic problems, dental calculus, increased sCreat)
that warranted further diagnostics or treatment. The
veterinarian and owner play a pivotal role in recogni-
tion of clinical signs, nutritional evaluation, and modiﬁ-
cation and implementation of adequate preventive
medicine. Further diagnostic investigation, treatment,
follow-up, or both were advised in several animals
because of the presence of hypertension, heart murmur,
or laboratory abnormalities. This was communicated to
the owners and regular veterinarian as most owners
elected to do further examinations or follow-up at their
regular veterinarian. Also, the dogs were only evaluated
at a single time point. The lack of further diagnostics
and follow-up information limits the authors to esti-
mate the importance of some of the physical and labo-
ratory abnormalities. Further, the fact that veterinary
students or staﬀ were owner of 45 dogs is a potential
selection bias. Because all examinations were free of
charge for the owner, this might have inﬂuenced some
owners to withhold potentially important information
that might lead to exclusion. We tried to avoid this
study limitation by taking an extensive history. Because
83% of participating owners reported veterinary visits
at least once a year, this population mostly represents
animals that receive regular health care with motivated
owners.
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Nevertheless, this study clearly indicated the value
and the need for regular health checks of apparently
healthy elderly dogs to improve early disease detection
and allow early therapeutic intervention. Health screen-
ing programs should minimally comprise thorough his-
tory (questionnaire), extensive PE, and complete blood
and urine examinations. Systolic blood pressure mea-
surement is deﬁnitely advised in dogs with an underly-
ing disease that is associated with hypertension.
Routine blood pressure measurement in elderly dogs
should be interpreted cautiously and multiple measure-
ments are required, because of possible white-coat
hypertension. Blood examination frequently revealed
mild abnormalities for which further examination was
necessary to determine its clinical relevance. To improve
the interpretation of geriatric laboratory screening, the
development of age-dependent RIs for certain variables
is warranted.
In conclusion, PE and laboratory abnormalities are
common in apparently healthy elderly dogs. Veterinari-
ans play a pivotal role in improving health care for
elderly pets by stimulating and performing regular
health screening and by raising owner awareness for
potentially important, but unnoticed, clinical signs in
aging dogs.
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